The hydrolysis product of 3-(trimethoxysilyl)-propyldimethyloctadecyl ammonium chloride exhibited antimicrobial activity against a broad range of microorganisms while chemically bonded to a variety of surfaces. The chemical was not removed from surfaces by repeated washing with water, and its antimicrobial activity could not be attributed to a slow release of the chemical, but rather to the surface-bonded chemical.
The hydrolysis product of 3-(trimethoxysilyl)-propyldimethyloctadecyl ammonium chloride exhibited antimicrobial activity against a broad range of microorganisms while chemically bonded to a variety of surfaces. The chemical was not removed from surfaces by repeated washing with water, and its antimicrobial activity could not be attributed to a slow release of the chemical, but rather to the surface-bonded chemical.
For over a decade alkoxysilanes have been utilized by a number of industries as coupling agents to reinforce or impart desirable properties to a variety of materials. Plueddemann (9) has reviewed their use for such purposes. More recently Weetall and co-workers (13, 14) have described their use as coupling agents for insolubilizing enzymes on inert surfaces. A number of enzymes were found to remain biologically active when bonded to inorganic surfaces by alkoxysilanes. Their activity was shown to persist after repeated washing procedures. The immobilization of enzymes altered their activity as evidenced by changes in stability and pH optima. Hough and Lyons (5) have further advanced this technology with the successful demonstration of the coupling of enzymes to yeast cells. While this manuscript was in preparation, Venter et al. (11) reported the successful covalent coupling of catecholamines to glass beads resulting in biologically active particles.
3-(Trimethoxysilyl) -propyldimethyloctadecyl ammonium chloride (Si-QAC) is representative of a group of alkoxysilanes which have been under investigation in our laboratory over the past 3 years. This compound possesses antimicrobial activity when tested by a conventional serial tube dilution method. Similar alkoxysilanes in aqueous systems have been shown by Johannson et al. (6) to release methanol and form chemical covalent bonds with reactive surfaces (Fig. 1 ). The present study was conducted to determine whether the compound possessed antimicrobial activity when chemically bonded to a surface. This report was presented in part at the Annual Meeting of the American Society for Microbiology, Philadelphia, Pa., 23-28 April 1972.
MATERIALS AND METHODS
Chemicals. Si-QAC and "C-Si-QAC (labeled in the alkyl portion of the molecule) were prepared by J. R. Malek (Dow Corning Corp.) as methanolic solutions containing 50% solids (w/v) by a modification of the method of Speier et al. (10) . Benzalkonium chlorides used in this work were alkylbenzyldimethyl ammonium chlorides (approximately 40% C,2; 50% C,4; 10% C j commercially available from Winthrop Laboratories, N.Y.
Organisms. Stock cultures of Escherichia coli B (ATCC 23226) and Streptococcus faecalis (ATCC 9790) were maintained on nutrient and Trypticase soy agar slants (Difco), respectively, at 4 C with monthly transfers. For preparation of inocula, E. coli B was transferred in nutrient broth for 3 consecutive days. S. faecalis was similarly transferred in Trypticase soy broth. The third 24-hr culture of each was harvested and washed in sterile saline by centrifugation at 15,000 rev/min for 15 min at 4 C in a Sorvall RC2-B centrifuge. Washed cell suspensions were resuspended in sterile saline to various optical densities (Coleman model 14 spectrophotometer) for aerosol inoculation of surfaces.
Mixed fungal spore suspensions of Aspergillus niger (ATCC 9642), Aspergillus flavus (ATCC 9643), Aspergillus versicolor (ATCC 11730), Penicillium funiculosum (ATCC 9644), and Chaetomium globosum (ATCC 6205) were prepared and applied as described in Military Standard-810B (8) .
Test surfaces. Glass surfaces and cotton cloth were washed in detergent (Haemo-Sol) and rinsed exhaustively in tap water. Washed materials were then rinsed with 50% (v/v) isopropyl alcohol, followed by several distilled water washes before drying at 70 C for 30 min. Samples removed from the oven were allowed to stand at room temperature for 30 min under aseptic conditions prior to immersion in a bath of 0.1% Si-QAC or quaternary ammonium chloride (QAC) for b Wash consisted of shaking sample in closed container with 10 ml of sterile distilled water at 150 rev/min for 15 min. one 4-min wash under running tap water was not protected from fungal growth, indicating the easy removal of QAC. Both samples treated with Si-QAC (D, unwashed and E, washed) were not attacked by fungi. Further, the lack of a zone of inhibition around either sample D or E suggests no loss of chemical to the environment surrounding the sample.
"C-Si-QAC-treated cellulose acetate sheet was used to gain further evidence of substantive antimicrobial activity of Si-QAC ( Table 2 ). The bacterial control consisted of a 1-inch square of untreated cellulose acetate film, sprayed with E. coli B. The "C-control was the treated cellulose acetate without exposure to microorganisms, and the test sample was "4C-treated cellulose acetate with E. coli B. After inoculation of the samples. all three were placed in sterile petri dishes at 37 C for 30 min. At the end of this time each film was placed in a vial containing 10 ml of sterile distilled water and shaken at 150 rev/min for 10 min, and samples of the water were taken for bacterial count and 4C analysis. Although the sample treated with Si-QAC effected a greater than 92% reduction in E. coli compared to the bacterial control; no loss of "4C-labeled material from the cellulose acetate film due to either the wash procedure or exposure to microorganisms was detected.
To detect release of Si-QAC below the level of radioisotope analysis, a bioassay was used (Fig.  3) . Tube A was a bacterial growth control. All tubes used in this experiment contained 10 ml of sterile broth. The broth was inoculated with 0.1 ml of a 24-hr culture of E. coli B and was incubated at 37 C for 24 hr on a rotary shaker at 150 rev/min, and plate counts were made. Tube 
